The Role of the Incretin System in Glucose Homeostasis {#s1}
======================================================

Incretin Biology
----------------

Glucose homeostasis is dependent upon the complex interplay of multiple hormones including insulin, amylin, glucagon, and incretin hormones. The incretin hormones, principally glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP), are released into the circulation in response to nutrients and facilitate insulin secretion in a glucose dependent manner. Collectively, the incretin hormones account for 50--70% of total post-prandial insulin secretion ([@B1], [@B2]). In patients with type 2 diabetes (T2DM), there is an impaired incretin effect that is likely multifactorial in nature ([@B3], [@B4]).

GLP-1 is secreted by L-cells found in the ileum, colon and rectum ([@B5]--[@B7]). Its physiologic role is to regulate plasma glucose in the post-prandial period through the facilitation of glucose stimulated insulin secretion, slowing of gastric emptying and suppression of glucagon secretion ([@B8]--[@B15]). In patients with diabetes, the insulin response to GLP-1 is blunted. This defect can be overcome with infusions that achieve supraphysiologic GLP-1 levels. The slowing of gastric emptying may be more important than insulin secretion in regulating post-prandial hyperglycemia by limiting the amount of post-prandial glucose presented to the beta cell ([@B16]).

GIP is released from K-cells found predominately in the duodenum and proximal gut in response to nutrients. Like GLP-1, GIP enhances insulin secretion from pancreatic beta cells in a glucose dependent manner, but it does not seem to suppress glucagon secretion in the same way. The response to GIP is also markedly impaired in patients with T2DM. Unlike GLP-1, supraphysiologic GIP infusions do not amplify the late phase insulin response to glucose in patients with T2DM ([@B17], [@B18]).

Native GLP-1 and GIP have limited pharmacologic value because of their short plasma half-life (1--7 min) ([@B19]). Both endogenous and exogenous GLP-1 and GIP are rapidly metabolized and inactivated by dipeptidyl peptidase-4 (DPP-4) ([@B20]) which is broadly expressed on cell surfaces and present in the circulation.

Leveraging the Incretin Effect for the Treatment of T2DM
--------------------------------------------------------

Because of the apparent lack of beta-cell responsiveness to GIP in patients with poorly controlled T2DM, most therapeutic strategies have focused on enhancing the activity of GLP-1. Two strategies have been employed to elevate and sustain GLP-1 mediated effects. The first relies on inhibition of DPP-4; this strategy effectively extends the half-life of endogenous GLP-1 and GIP, but is dependent on endogenous incretin hormone production. The second strategy is the use of GLP-1 receptor agonists (GLP-1RA) that are resistant to DPP-4 degradation. Treatment with GLP-1RAs can provide supraphysiologic and sustained stimulation of the GLP-1 receptor. While these two classes of antihyperglycemic medications work through similar pathways, their efficacy and side effect profiles differ, due to differences in the pharmacodynamic effect of DPP-4 inhibitors and GLP-1RAs with respect to enhancing GLP-1 activity.

DPP-4 Inhibitors
----------------

DPP-4 inhibitors are low molecular-weight, orally available drugs that rapidly and specifically inhibit DPP-4 activity. DPP-4 is a ubiquitous enzyme present in the circulation and expressed on the surface of most cell types that has been found to inactivate GLP-1 and GIP. By preventing this, DPP-4 inhibitors enhance active GLP-1 and GIP levels by 2 to 3-fold following a meal ([@B21]). All approved DPP-4 inhibitors appear to have similar glycemic efficacy resulting in moderate (0.5--0.8%) reduction in HbA1c ([@B22]). Very few head-to-head trials have directly compared DPP-4 inhibitors. In an 18 week trial of in 800 patients with inadequately controlled T2DM on metformin, saxagliptin 5 mg daily vs. sitagliptin 100 mg showed similar reductions in hemoglobin A1c (HbA1c) (−0.52 vs. −0.26%) ([@B23]). Results from a meta-analysis of studies comparing sitagliptin with placebo or vildagliptin with placebo also showed similar clinical efficacy with respect to lowering of A1c ([@B24]). DPP-4 inhibitors are weight neutral due to the limited increase in GLP-1 activity ([@B25]--[@B27]). The incretin hormone GLP-1 has little effect on insulin secretion by pancreatic beta cells in the absence of elevated blood glucose derived from gut absorption. The risk of hypoglycemia with DPP-4 inhibitors is low given their GLP-1 mediated glucose dependent mechanism of action.

GLP-1 Receptor Agonists
-----------------------

Two classes of GLP-1RAs have been developed based on the exendin-4 molecule and human GLP-1 ([@B28], [@B29]). All GLP-1RAs bind with specificity to the GLP-1 receptor and stimulate glucose dependent insulin release from the pancreatic beta cells ([@B30]). GLP-1RAs are described as short acting or long acting, based on their pharmacokinetic and pharmacodynamic properties. Short-acting GLP-1RAs have a half-life of 2--4 h thus necessitating once or twice daily administration ([@B28], [@B29]). Long-acting GLP-1RAs have a half-life \>12 h (liraglutide), with others, such as albiglutide, dulaglutide, exenatide extended release, and semaglutide having a half-life as long as 14 days ([@B31]). These properties allow for once weekly administration of the longer-acting GLP-1RAs.

The pharmacodynamic effect of GLP-1RAs on glycemic control differs between short-acting and long-acting preparations. Short-acting GLP-1RAs primarily lower the post-prandial glucose response by slowing gastric emptying in addition to enhancing insulin secretion ([@B29], [@B31]). Long-acting GLP-1RAs lower the fasting blood glucose level by stimulating insulin secretion and reducing glucagon over an extended period of time. They appear to have less prominent effects on post-prandial glucose excursions, perhaps because the effects on gastric motility are decreased due to tachyphylaxis ([@B29], [@B31]). This difference in pharmacodynamics, as well as the differing half-lives, may contribute to the differences in efficacy seen in clinical trials.

Shyangdan et al. ([@B32]) performed a meta-analysis of 17 randomized trials comparing GLP-1RA (exenatide, liraglutide, albiglutide, taspoglutide, lixisenatide). When compared with placebo, all GLP-1RAs reduced HbA1c by \~1--1.2%. The risk of hypoglycemia is low with GLP-1RAs because of their glucose dependent mechanism of action. However, it is higher when GLP-1RAs are used in combination with sulfonylureas ([@B33]--[@B37]).

Generally, longer acting GLP-1RAs are more efficacious with respect to glycemic control than shorter acting GLP-1RAs. For example, in patients with T2DM, the once-weekly formulation of exenatide has been shown to provide greater reduction in HbA1c than the shorter acting exenatide twice-daily formulation. Both liraglutide and dulaglutide have also demonstrated better glycemic control over exenatide twice daily ([@B38], [@B39]). In more recent studies comparing long acting GLP-1RAs, once weekly semaglutide demonstrated superior glycemic efficacy and weight loss compared to exenatide extended release (SUSTAIN-3) or dulaglutide (SUSTAIN-7) ([@B40], [@B41])

Head-to-Head Studies OF DPP-4 Inhibitors vs. GLP-1 RAs {#s2}
======================================================

Several clinical trials have compared the clinical efficacy and safety profiles of GLP-1 RA and DPP-4 inhibitors in patients with T2DM ([Table 1](#T1){ref-type="table"}). In all the clinical trials between the two classes of medications, only sitagliptin has been studied in direct comparisons with a GLP-1RA. However, given the similar clinical efficacy and safety profiles amongst the available agents within the DPP-4 class of medications, the published head-to-head trials reviewed in this manuscript represent a good comparison of the two classes of medications ([@B26], [@B35]).

###### 

Changes in HbA1c, FPG, PPG, and weight from the randomized, head-to-head trials comparing GLP-1RA vs. sitagliptin.

  **GLP-1RA**    **Study**                    **Duration (n)**                                               **GLP-1RA dose**                            **Sitigliptin dose**   **Background medication**                                 **GLP1-RA vs. sitagliptin**                                                                                                                                                                                       
  -------------- ---------------------------- -------------------------------------------------------------- ------------------------------------------- ---------------------- --------------------------------------------------------- ----------------------------------------------------------------- ----------------------------------------------------------------------- ----------------------------------------------------------------------- --------------------------------------------------------------------
  Exenatide      DeFronzo et al. ([@B42])     2 weeks (61)                                                   5 μg BID × 1 week then 10 μg BID × 1 week   100 mg/day             Metformin                                                 N/A                                                               N/A                                                                     −111.6 vs. −37.8 mg/dL (*p* \< 0.0001)[\*](#TN1){ref-type="table-fn"}   −0.8 vs. −0.3 kg (*p* \< 0.006)[^†^](#TN2){ref-type="table-fn"}
                 Berg et al. ([@B43])         8 weeks (86)                                                   10 μg BID                                   100 mg/day             Metformin or TZD                                          N/A                                                               N/A                                                                     −108 vs. −45 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}       −1.37 vs. −0.89 kg (*p* \< 0.05)[^†^](#TN2){ref-type="table-fn"}
                 Bergenstal et al. ([@B44])   26 weeks (514)                                                 2 mg QW                                     100 mg/day             Metformin                                                 −1.5 vs. −0.9% (*p* \< 0.0001)[\*](#TN1){ref-type="table-fn"}     −32.4 vs. −16.2 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −2.3 vs. −0.8 kg (*p* \< 0.0002)[^†^](#TN2){ref-type="table-fn"}
  Liraglutide    Pratley et al. ([@B45])      26 weeks (665)                                                 1.8 mg/day                                  100 mg/day             Metformin (≥1,500 mg/day)                                 −1.5 vs. −0.9% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}      −38.5 vs. −14.9 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −3.38 vs. −0.96 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             1.2 mg/day                                  100 mg/day             Metformin (≥1,500 mg/day)                                 −1.24 vs. −0.9% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}     −33.6 vs. −14.9 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}    N/A                                                                     −2.86 vs. −0.96 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
  Lixisenatide   Van Gaal et al. ([@B46])     24 weeks (319)                                                 20 μg/day                                   100 mg/day             Metformin                                                 −0.7 vs. −0.7%[\*](#TN1){ref-type="table-fn"}                     −8.1 vs. −12.4 mg/dL (*p* \< 0.3342)[^†^](#TN2){ref-type="table-fn"}    −60.3 vs. −25.9 mg/dL *(p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}    −2.51 vs. −1.17 kg (*p* \< 0.0006)[^†^](#TN2){ref-type="table-fn"}
  Taspoglutide   Bergenstal et al. ([@B47])   24 weeks (666)                                                 10 mg QW                                    100 mg/day             Metformin (≥1500 mg/day)                                  −1.23% vs. −0.89% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}   −38.8 vs. −24.3 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}    N/A                                                                     −1.8 vs. −0.9 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             20 mg QW                                    100 mg/day             Metformin (≥1,500 mg/day)                                 −1.30 vs. −0.89% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}    −42.1 vs. −24.3 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}    N/A                                                                     −2.6 vs. −0.9 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
  Albiglutide    Ahren et al. ([@B48])        104 weeks (1049)                                               50 mg QW                                    100 mg/day             Metformin                                                 −0.63 vs. −0.28% (*p* \< 0.0001)[\*](#TN1){ref-type="table-fn"}   −28.0 vs. −16 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}     N/A                                                                     −1.21 vs. −0.86 kg[^†^](#TN2){ref-type="table-fn"}
                 Leiter et al. ([@B49])       26 weeks (507)                                                 50 mg QW                                    Dose based on eGFR     Metformin, TZD, sulfonylurea (alone or any combination)   −0.83 vs. −0.52% (*p* \< 0.003)[\*](#TN1){ref-type="table-fn"}    −25.5 vs. −3.96 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −0.79 vs. −0.19 kg (*p* \< 0.05)[^†^](#TN2){ref-type="table-fn"}
  Dulaglutide    Nauck et al. ([@B50])        52 weeks (1098)                                                1.5 mg QW                                   100 mg/day             Metformin                                                 −1.10 vs. −0.39% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}    −42 vs. −20 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}        N/A                                                                     −3.03 vs. −1.53 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             0.75 mg QW                                  100 mg/day             Metformin                                                 −0.87 vs. −0.39% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}    −33 vs. −20 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}        N/A                                                                     −2.26 vs. −1.53 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
                 Weinstock et al. ([@B51])    104 weeks (1098)                                               1.5 mg QW                                   100 mg/day             Metformin                                                 −0.99 vs. −0.32% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}    −36 vs. −9.0 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}       N/A                                                                     −2.88 vs. −1.75 kg (*p* \< 0.05)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             0.75 mg QW                                  100 mg/day             Metformin                                                 −0.71 vs. −0.32% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}    −25.2 vs. −9.0 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}     N/A                                                                     −2.39 vs. −1.75 kg[^†^](#TN2){ref-type="table-fn"}
  Semaglutide    Ahren et al. ([@B52])        56 weeks (1231)                                                0.5 mg QW                                   100 mg/day             Metformin, TZD, or both                                   −1.3 vs. −0.5% (*p* \< 0.0001)[\*](#TN1){ref-type="table-fn"}     −37.8 vs. −19.8 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −4.3 vs. −1.9 kg (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             1.0 mg QW                                   100 mg/day             Metformin, TZD, or both                                   −1.6 vs. −0.5% (*p* \< 0.0001)[\*](#TN1){ref-type="table-fn"}     −46.8 vs. −19.8 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −6.1 vs. −1.9 kg (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}
                 Seino et al. ([@B53])        30 weeks (308); Japanese                                       0.5 mg QW                                   100 mg/day             OAD monotherapy                                           −1.9 vs. −0.7% (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}    −50.4 vs. −23.4 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −2.2 vs. −0.0 kg (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             1.0 mg QW                                   100 mg/day             OAD monotherapy                                           −2.2 vs. −0.7% (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}    −59.4 vs. −23.4 mg/dL (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}   N/A                                                                     −3.9 vs. −0.0 kg (*p* \< 0.0001)[^†^](#TN2){ref-type="table-fn"}
                 Rosenstock et al. ([@B54])   78 weeks (1864) NOTE: Data shown is for baseline to 26 weeks   Oral semaglutide 3 mg/day                   100 mg/day             Metformin with or without a sulfonylurea                  −0.6 vs. −0.8% (*p* \< 0.09)[\*](#TN1){ref-type="table-fn"}       −13.6 vs. −15.4 mg/dL (*p* \< 0.50)[^†^](#TN2){ref-type="table-fn"}     N/A                                                                     −1.2 vs. −0.6 kg (*p* \< 0.61)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             Oral semaglutide 7 mg/day                   100 mg/day             Metformin with or without a sulfonylurea                  −1.0 vs. −0.8% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}      −21.3 vs. −15.4 mg/dL (*p* \< 0.04)[^†^](#TN2){ref-type="table-fn"}     N/A                                                                     −2.2 vs. −0.6 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}
                                                                                                             Oral semaglutide 14 mg/day                  100 mg/day             Metformin with or without a sulfonylurea                  −1.3 vs. −0.8% (*p* \< 0.001)[\*](#TN1){ref-type="table-fn"}      −30.5 vs. −15.4 mg/dL (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}    N/A                                                                     −3.1 vs. −0.6 kg (*p* \< 0.001)[^†^](#TN2){ref-type="table-fn"}

*GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycosylated hemoglobin; FPG, fasting plasma glucose; PPG, postprandial glucose; TZD, thiazolidinedione; N/A, data not available; BID, twice a day; QW, once weekly; OAD, oral antidiabetic drug*.

*Primary study endpoint*;

*Secondary study endpoint*.

Exenatide BID vs. Sitagliptin
-----------------------------

Comparisons of exenatide twice daily with sitagliptin include two short crossover clinical studies. DeFronzo et al. ([@B42]) conducted a double-blind, randomized, crossover, multi-center study in patients with T2DM treated with metformin. This study evaluated the effects of exenatide (5 and 10 mcg) vs. sitagliptin (100 mg daily) on a number of clinical outcomes including post-prandial glucose, gastric emptying, and secretion of insulin and glucagon. After 2 weeks, patients crossed over to the alternate therapy. Exenatide demonstrated a greater reduction in 2-h post-prandial glucose, compared to sitagliptin. The authors concluded that the impact on post-prandial glucose was related to the greater effect of exenatide on GLP-1 receptor stimulation. This increased effect on the GLP-1 receptor improved post-prandial insulin secretion while reducing glucagon secretion. In addition, the study demonstrated that treatment with exenatide slowed gastric emptying and reduced caloric intake when compared to sitagliptin ([@B42]).

Berg et al. ([@B43]) conducted an 8-week, randomized, active-comparator, crossover study comparing the effects of exenatide twice daily vs. sitagliptin on glucose profiles in patients with T2DM. Eighty-six subjects received either exenatide 10 mcg subcutaneous twice daily or sitagliptin 100 mg orally daily for 4 weeks each. The primary outcome was time averaged glucose during the 24-h inpatient visits. Both treatments decreased average 24-h glucose and 2-h post-prandial glucose with and increased the amount of time spent with glucose values between 70 and 140 mg/dL. However, exenatide had a statistically significant greater effect in these clinical outcomes compared to sitagliptin. Adverse events were described as mild to moderate and were mostly gastrointestinal (GI) in patients treated with exenatide. This trial had several limitations, including the lack of a washout period between the two treatments. However, given the short half-lives of sitagliptin and exenatide, the impact of the lack of a washout period was likely not clinically relevant ([@B55], [@B56]).

Lixisenatide vs. Sitagliptin
----------------------------

Lixisenatide is a once daily, exenatide-based short-acting GLP-1RA for the treatment of T2DM. Van Gaal et al. ([@B46]) conducted a 24-week, randomized, active-controlled, trial that compare the clinical efficacy of lixisenatide vs. sitagliptin in obese (BMI ≥30 kg/m^2^) patients \<50 years of age with T2DM sub optimally controlled on metformin monotherapy. Patients were randomized to lixisenatide 20 mcg daily injection or oral sitagliptin 100 mg daily. Least squares mean change from baseline for HbA1c were similar for lixisenatide and sitagliptin (−0.7 and −0.7%, respectively). A similar proportion of patients in each group achieved a HbA1c of \<7.0% (40.7% for lixisenatide vs. 40.0% for sitagliptin). Lixisenatide therapy was associated with greater reductions in body weight vs. sitagliptin by end of study (least squares mean change of −2.5 kg for lixisenatide vs. −1.2 kg for sitagliptin). Lixisenatide-treated patients also showed significantly greater reductions in 2 h post-prandial glucose (least squares mean change from baseline was −60.3 mg/dL for lixisenatide and −25.9 mg/dL for sitagliptin). There were no significant differences between groups in change in fasting plasma glucose levels. GI disorders were slightly more frequent with lixisenatide than sitagliptin. Nausea was the most frequently reported GI adverse event in the patients treated with lixisenatide.

Liraglutide vs. Sitagliptin
---------------------------

Liraglutide is a long-acting GLP-1RA that has been modified to non-covalently bind to serum albumin through addition of an acyl side chain, resulting in slower degradation (half-life 11--15 h) and allowing for once-daily, subcutaneous dosing ([@B57]).

Pratley et al. ([@B45]) conducted an open-label, active-comparator trial to evaluate the clinical efficacy and safety profile of liraglutide vs. sitagliptin in individuals with T2DM who were not well-controlled with metformin monotherapy. Participants were randomized to receive 26 weeks of treatment with either 1.2 or 1.8 mg subcutaneous liraglutide once daily or 100 mg of sitagliptin once daily.

HbA1c reductions, from a baseline 8.5%, were larger with 1.2 and 1.8 mg of liraglutide vs. sitagliptin. At the completion of the trail, the mean decreases in HbA1c from baseline were −1.5% for 1.8 mg of liraglutide, −1.24% for 1.2 mg of liraglutide, and 0.9% for sitagliptin. Mean weight loss was greater with liraglutide than sitagliptin (−3.38 kg for 1.8 mg of liraglutide; −2.86 kg for 1.2 mg of liraglutide; −0.96 kg for sitagliptin).

With regard to safety, more adverse events were reported with liraglutide than with sitagliptin. Nausea was more common in patients treated with liraglutide (1.2 and 1.8 mg/day) compared to sitagliptin. The most common adverse events were GI symptoms, especially with liraglutide. Hypoglycemia was infrequent and comparable between groups.

Exenatide Once Weekly vs. Sitagliptin
-------------------------------------

Bergenstal et al. ([@B44]) conducted a 26-week randomized, double-blind, trial that assessed the safety and efficacy of once-weekly exenatide (2 mg, *n* = 170) vs. sitagliptin (100 mg daily; *n* = 172) or pioglitazone (45 mg daily; *n* = 172) in patients with T2DM treated with metformin. Those patients treated with exenatide once weekly had a significantly greater reduction in HbA1c when compared to treatment with pioglitazone by week 4, or sitagliptin by week 6. The percentage of patients achieving a fasting blood glucose target of ≤126 mg/dL with exenatide once-weekly (60%) was significantly greater than with sitagliptin (35%) and was similar to pioglitazone (52%). At week 26, weight loss with exenatide once weekly (−2.3 kg) was significantly greater than with sitagliptin (−0.8 kg) or pioglitazone (+2.8 kg). A total of 28% of patients receiving exenatide had weight loss ≥5% compared with 10% of those on sitagliptin and 2% of those on pioglitazone. Patients treated with exenatide once weekly had significantly greater reduction in systolic blood compared to those on sitagliptin. The most common adverse events were nausea and diarrhea in patients treated with sitagliptin and exenatide once weekly. Upper respiratory tract infection and peripheral edema were most common in patients treated with pioglitazone. Minor hypoglycemic events were uncommon and rates were similar between all three treatment groups.

Albiglutide vs. Sitagliptin
---------------------------

Albiglutide is a once weekly, long-acting GLP-1RA. The chemical structure allows an extended half-life and once weekly dosing ([@B58], [@B59]). Although albiglutide was approved in several countries, it is not currently being marketed.

Ahren et al. ([@B48]) conducted a 104-week randomized controlled trial assessing the efficacy and safety of albiglutide compared with placebo, sitagliptin, and glimepiride in patients with T2DM on metformin monotherapy. Eligible patients were randomly assigned to receive 1 of 4 treatments in addition to their background metformin: Albiglutide 30 mg, sitagliptin 100 mg, glimepiride 2 mg, or placebo.

Changes in HbA1c from baseline were greatest for albiglutide (−0.63%). Changes in HbA1c were also see in participants treated with sitagliptin (−0.28%), and glimepiride (−0.36%). Participants in the placebo arm had a 0.27% increase in HbA1c from baseline to week 104. This study concluded that treatment with albiglutide was superior to sitagliptin and glimepiride in addition to placebo ([@B48]). At week 104, treatment with albiglutide (−1.21 kg), placebo (−1.0 kg), and sitagliptin (−0.86 kg) resulted in weight loss. In contrast, patients treated with glimepiride had weight gain (+1.17 kg).

The proportion of GI adverse events were similar in the albiglutide and placebo groups. The most common GI adverse event was diarrhea in albiglutide group while constipation was most commonly seen in the placebo group. At the conclusion of the 104 week study, the proportion of patients who experienced nausea was similar between treatment groups. Rates of symptomatic hypoglycemia were similar with albiglutide (3%) compared to placebo (4%) and sitagliptin (1.7%). Patients treated with glimepiride experienced more symptomatic hyperglycemia (17.9%). No severe hypoglycemic events were seen in this clinical trial.

Another trial comparing albiglutide and sitagliptin was conducted by Leiter et al. ([@B49]). This randomized, phase three study looked at the efficacy and safety of once weekly albiglutide vs. sitagliptin in patients with T2DM and renal impairment. Renal impairment was categorized as mild, moderate, or severe as assessed by estimated glomerular filtration rate ([@B49]). HbA1c change from baseline at week 26 was greater for albiglutide vs. sitagliptin (−0.83 vs. −0.52%). Decreases in HbA1c, fasting plasma glucose, and weight were seen through week 52. The safety profiles were similar between groups and most adverse events were described as mild to moderate. The authors concluded that treatment with once weekly albiglutide in renally impaired patients showed statistically superior glycemic control with a similar safety and tolerability profile when compared with sitagliptin ([@B49]).

Dulaglutide vs. Sitagliptin
---------------------------

Dulaglutide is a long-acting human GLP-1RA with a larger size molecule that slows absorption and reduces renal clearance ([@B50]). These features resulted in a prolonged half-life of \~5--6 days, allowing for once weekly administration ([@B60]).

Nauck et al. ([@B50]) conducted a multi-center, double-blind, parallel-arm, randomized controlled trial comparing the efficacy and safety of two doses of once weekly dulaglutide (0.75 and 1.5 mg) to sitagliptin in patients with suboptimally controlled T2DM on metformin monotherapy (AWARD-5 clinical trial). The mean HbA1c changes from baseline to week 52 were −1.1% for dulaglutide 1.5 mg, −0.87% for dulaglutide 0.75 mg, and −0.39% for sitagliptin ([@B50]). The mean changes in body weight from baseline to 52 weeks were significantly greater for dulaglutide 1.5 mg (−3.03 kg) and dulaglutide 0.75 mg (−2.6 kg) compared with sitagliptin (−1.53 kg). A decrease in systolic blood pressure was observed in all the active treatment arms, with the greatest reductions observed during the first 3--6 months of treatment ([@B50]). An increase of 2 to 3 heartbeats per minute (bpm) was observed with both dulaglutide doses. No increase in heart rate was seen in the sitagliptin or placebo arms.

The incidence of GI adverse events was significantly higher with dulaglutide compared with sitagliptin and placebo. The incidence of nausea, diarrhea, and vomiting with dulaglutide 1.5 mg and dulaglutide 0.7 mg was highest within the first 2 weeks of treatment and subsequently declined between 8 and 52 weeks of treatment ([@B50]). The incidence of hypoglycemia at 52 weeks was 10.2% for dulaglutide 1.5 mg, 5.3% for dulaglutide 0.75 mg, and 4.8% for sitagliptin. Changes in HbA1c at the conclusion of the study were −0.99, −0.71, and −0.32% for dulaglutide 1.5 mg, dulaglutide 0.75 mg and sitagliptin, respectively ([@B51]).

Semaglutide vs. Sitagliptin
---------------------------

Semaglutide is a GLP-1RA with 94% homology to native GLP-1 ([@B61]). It is similar in structure to liraglutide, but less susceptible to degradation by DPP-4 ([@B61]). These structural modifications improve binding to albumin and result in a half-life of \~7 days. This allows for once weekly administration of subcutaneous semaglutide ([@B61]).

SUSTAIN 2 was a clinical trial that compared the efficacy and safety of semaglutide compared with sitagliptin as add on treatment in patients with T2DM on metformin, thiazolidinedione (TZD), or both ([@B52]). The trial was a 56-week, randomized, double blind, active-controlled, parallel-group trial that was conducted at 128 sites around the world.

At week 56, mean HbA1c had significantly decreased with semaglutide 0.5 mg and 1.0 mg by 1.3 and 1.6%, respectively, vs. 0.5% with sitagliptin. Mean body weight was reduced by 4.3 kg with semaglutide 0.5 mg and 6.1 kg with semaglutide 1.0 mg vs. a reduction of 1.9 kg with sitagliptin.

The proportion of participants reporting adverse events and serious adverse events were similar between groups. Seventy-three participants (18%) in the semaglutide 0.5 mg group and 72 participants (18%) in the semaglutide 1.0 mg group reported nausea vs. 30 of participants (7%) in the sitagliptin group. Nausea diminished over time in the semaglutide treatment group. The GI adverse events in the semaglutide groups were mild or moderate in severity. There were 3 events of acute pancreatitis in the semaglutide 0.5 mg group and one event of chronic pancreatitis in the semaglutide 1.0 mg group. No cases of pancreatitis were reported in the sitagliptin group.

Seino et al. ([@B53]) conducted a randomized, open-label, parallel-group, active-controlled trial to evaluate the safety and efficacy of monotherapy with semaglutide once-weekly vs. sitagliptin daily in Japanese patients with T2DM. The mean HbA1c decreased by 1.9 and 2.2% with semaglutide 0.5 and 1.0 mg, respectively, vs. 0.7% with sitagliptin. Body weight was reduced by 2.2 and 3.9 kg with semaglutide 0.5 and 1.0 mg, respectively. More adverse events were reported with semaglutide than sitagliptin.

Oral Semaglutide vs. Sitagliptin
--------------------------------

Up until recently, GLP-1RA could only be administered by subcutaneous injection. Rapid enzymatic-induced proteolytic degradation in the stomach leads to poor bioavailability of oral peptide medications ([@B62]). This leads to decreased absorption in the gastrointestinal tract and decreased clinical efficacy. An oral formulation of semaglutide has been made clinically possible through the combination of the drug with an "absorption enhancer" called SNAC ([@B62]). Clinical trials have demonstrated that once daily oral semaglutide improves HbA1c with a clinically significant reduction in body weight when compared to placebo ([@B63]).

PIONEER 3 was a 78-week, randomized, active-controlled, multi-center clinical trial. The trial compared the efficacy and safety of once-daily oral semaglutide vs. sitagliptin 100 mg in patients with T2DM on to metformin with or without a sulfonylurea ([@B54]).

Approximately 1,900 patients were randomized to receive semaglutide 3, 7, or 14 mg/day or sitagliptin 100 mg daily. Half of the patients in each treatment arm were also treaded with a sulfonylurea in addition to a stable dose of metformin ([@B54]).

The mean HbA1c changes from baseline with semaglutide 3 mg/day was −0.6%. For patients treated with semaglutide 7 and 14 mg/day there was a reduction in HbA1c of 1, and 1.3% over the 26 week trial. A reduction of 0.8% was observed in the patients treated with sitagliptin. The 7 and 14 mg/day semaglutide doses were shown to be statistically superior to sitagliptin in reducing HbA1c ([@B54]). The mean changes from baseline in body weight were −1.2, −2.2, and −3.1 kg for semaglutide, 3, 7, and 14 mg/day, respectively, and −0.6 kg for sitagliptin ([@B54]). The weight loss observed with semaglutide 7 and 14 mg/day was statistically significant when compared to sitagliptin. In addition, glycemic control was significantly greater with semaglutide 7 and 14 mg/day when compared to sitagliptin. The most frequently reported adverse events for oral semaglutide were GI disorders including nausea, emesis and diarrhea. Similar to the injectable forms of GLP-1RA, treatment oral semaglutide did not lead to an increased risk of pancreatitis or pancreatic cancer compared to placebo ([@B54]).

Pioneer 7 was a 52-week, randomized clinical trial enrolling patients with T2DM from 81 sites in 10 countries. The purpose of the trial was to compare the efficacy and safety of flexible dose adjustments of oral semaglutide compared to sitagliptin ([@B64]). Therefore, in order to approximate the individualization seen in "real world" clinical practice, oral semaglutide dose could be adjusted on the basis of glycemic control and tolerability criteria that were prespecified in the protocol. A total of 504 patients were randomized with a mean baseline HbA1c of 8.3%. A greater proportion of participants achieved a HbA1c of \<7% with oral semaglutide (58%) than with sitagliptin (25%). At 52 weeks, estimated mean change in body weight was −2.6 kg for the semaglutide group and −0.7 kg for the sitagliptin group. Adverse events occurred in 78% of patients in the oral semaglutide group vs. 69% of patients in the sitagliptin group ([@B64]). Nausea was the most common adverse event with oral semaglutide and was reported in 21% of participants. The authors concluded that oral semaglutide, with dose adjustment based on efficacy and tolerability, provided superior glycemic control and weight loss compared with sitagliptin ([@B64]).

Summary of DPP-4 Inhibitor vs. GLP-1 RA Head-to-Head Trials {#s3}
===========================================================

In summary, these head-to-head clinical trials between GLP-1RA and DPP-4 inhibitors showed that the difference between the drugs lies in the ability of the GLP-1RA to consistently improve glycemic control and decrease weight ([@B43]). DPP-4 inhibitors increase active GLP-1 concentrations by 2 or 3 times the concentration at baseline. However, the stimulation of GLP-1 receptor activity with GLP-1RA is several times higher than with DPP-4 inhibitors ([@B65], [@B66]). The long half-life of GLP-1RA, particularly those products administered once-daily or once-weekly, may also contribute to increased efficacy ([@B67]).

Switch Trials {#s4}
=============

A small number of clinical trials have evaluated switching patients from a DPP-4 inhibitor (sitagliptin) to a GLP-1RA. Wysham et al. ([@B68]) conducted a 26-week, open-label, uncontrolled follow-up assessment to evaluate the clinical efficacy and safety profile of switching from sitagliptin or pioglitazone to exenatide once-weekly. In this study, patients originally enrolled in the 26-week DURATION-2 study who had been randomized to sitagliptin or pioglitazone were switched to exenatide; patients who had been randomized to once-weekly exenatide continued the medication. Patients who continued treatment with exenatide maintained the significant improvements in HbA1c (−1.6%), fasting plasma glucose (−32 mg/dL), and weight (−1.8 kg) from baseline. Patients switched from sitagliptin to exenatide showed statistically significant improvements in HbA1c (−0.3%), fasting plasma glucose (−12.6 mg/dL) and weight (−1.1 kg). Exenatide was well-tolerated and adverse events were reported as mild or moderate. Nausea was the most frequent adverse event reported in patients treated with exenatide. There were no major hypoglycemic events observed. The authors concluded that patients who switched to exenatide from sitagliptin had improved glycemic control, with the addition of increased weight loss ([@B68]).

Pratley et al. ([@B69]) conducted a randomized, clinical trial to assess the efficacy and safety profile of switching from sitagliptin to liraglutide. Patients receiving metformin treatment for their T2DM were randomized to receive either liraglutide (1.2 or 1.8 mg/day) or sitagliptin (100 mg/day). After 52 weeks, those patients in the sitagliptin group were randomly assigned to liraglutide; all patients were treated for another 26 weeks. The authors reported that at the conclusion of the study there was an additional decrease in HbA1c of −0.2% after switching to liraglutide 1.2 mg/day. Switching to liraglutide was also associated with a reduction in fasting plasma glucose and weight. In addition, the authors noted an increase in the number of patients reaching HbA1c levels \<7%. After switching, mild to moderate nausea occurred in 21% of patients, while rates of hypoglycemia remained low (3--4% of participants) ([@B69]). The authors concluded that glycemic control and weight improved after switching from sitagliptin to liraglutide with a transient increase in mild to moderate GI adverse events ([@B69]).

Bailey et al. ([@B70]) conducted a randomized, multi-centered, double-blind, double-dummy, active-controlled trial in attempt to confirm superiority of glycemic control when switching from sitagliptin to liraglutide vs. continuing sitagliptin. Subjects with inadequate glycemic control of T2DM on sitagliptin 100 mg/day and metformin ≥1,500 mg/day were randomized to either switch to liraglutide 1.8 mg/day or continue their sitagliptin; both groups continued the metformin regimen. There was greater reduction in mean HbA1c achieved with liraglutide 1.8 mg/day than with continued sitagliptin (−1.14 vs. −0.54%) and body weight was reduced more with liraglutide than with sitagliptin (−3.31 vs. −1.64 kg). However, nausea was more common with liraglutide (21.8%) than with continued sitagliptin (7.8%) and 3 subjects (1.5%) taking sitagliptin reported a confirmed hypoglycemic episode. The authors concluded that subjects inadequately controlled with sitagliptin in combination with metformin who switched to liraglutide 1.8 mg/day in combination with metformin had a clinically relevant reduction in HbA1c and body weight without significant adverse events ([@B70]).

Add-on Trials {#s5}
=============

As both DPP-4 inhibitors and GLP-1RA work through enhancing GLP-1 activity, one might predict that combining the two classes would not be ideal. Nevertheless, Violante et al. ([@B71]) conducted a 20-week, randomized trial to evaluate the impact of treatment with the short-acting GLP-1RA exenatide after treatment with sitagliptin. Patients were randomized to treatment to one of two groups. The SWITCH group switched therapy from a combination of sitagliptin and metformin the exenatide and metformin. The ADD group had exenatide added to existing treatment with sitagliptin and metformin. Surprisingly, in this study of patients with T2DM inadequately controlled with sitagliptin and metformin, the primary non-inferiority objective of SWITCH therapy to ADD was not supported ([@B71]). There were no between-group differences in changes in body weight, lipid profile or blood pressure. Patients in both treatment groups had a lower incidence of nausea and emesis. The authors noted that the incidence of nausea and emesis were lower than those previously reported in other clinical trials of twice daily exenatide ([@B24]). The results of this trial suggest that adding a GLP-1RA to sitagliptin and metformin provides better glycemic control without a significant increase in adverse events. The results of this study supports current clinical practice of adding another oral anti-hyperglycemic medication is better than switching oral anti-hyperglycemic medications. Of note, however, is that the higher costs of these two classes of medications must also be considered in addition to the improved glycemic control.

Nauck et al. ([@B72]) conducted a small clinical trial to evaluate the addition of sitagliptin to pre-existing therapy with liraglutide. The study investigated changes glycemic excursions after a mixed meal test. Sixteen (16) patients with T2DM treated with metformin and liraglutide (1.2 mg/day for \>2 weeks) were studied after two separate overnight fasts. The morning after the fast, patients received, in randomized order, sitagliptin 100 mg or placebo 60 min before a standard mixed meal test. Glucose excursions was the primary endpoint; insulin levels, C-peptide, glucagon, GLP-1 and GIP (total and intact) were also measured. Meal-induced responses of intact GLP-1 and GIP were augmented by the sitagliptin treatment by 78 and 90%, respectively (*p* \< 0.001), when compared to placebo. Treatment with sitagliptin did not affect concentrations of C-peptide, insulin or glucagon. Glucose concentrations were also not affected by sitagliptin treatment. The authors concluded that treatment with a single dose of sitagliptin, in patients already treated with the GLP-1RA liraglutide, resulted in elevations in intact GLP-1 and GIP plasma concentrations after a mixed meal test, but without changes in insulin, C-peptide, glucagon and glucose concentrations. The authors noted several limitations, most importantly that the study only included a single dose of sitagliptin. Thus, one cannot draw conclusions regarding the possible clinical impact of longer-term treatment. In addition, the authors noted that the results should not be generalized to other GLP-1RA with different pharmacokinetic profiles ([@B72]).

Cardiovascular Outcomes {#s6}
=======================

DPP-4 Inhibitors
----------------

Five trials enrolling almost 50,000 patients have evaluated the cardiovascular safety of DPP-4 inhibitors. All five trials met the primary objective of excluding an increased risk of cardiovascular disease in patients treated with DPP-4 inhibitors, however, none were associated with any cardiovascular benefit ([@B73]--[@B75]). The SAVOR-TIMI 53 (Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction) trial with saxagliptin suggested an increased risk for incident heart failure ([@B73]). This finding coupled with a trend in the increased incidence of heart failure noted in the EXAMINE (Examination of Cardiovascular Outcomes with Alogliptin vs. Standard of Care) trial with alogliptin, prompted the FDA to issue a warning regarding heart failure risk, especially in patients with previously diagnosed cardiovascular and renal disease ([@B76]). However, overall the DPP-4 inhibitor class of medications has established cardiovascular safety.

GLP-1 Receptor Agonists
-----------------------

The cardiovascular safety of GLP-1RA have been assessed in seven clinical trials enrolling 60,090 patients ([@B77]--[@B80]). The ELIXA trial enrolled patients with a history of recent acute coronary syndrome. The results were "cardiovascular neutral" confirmed, this confirming the inferiority of lixisenatide with respect to a four-point MACE (major adverse cardiovascular events) but did not show beneficial effects on cardiovascular outcomes ([@B77]). The second trial to be released was the LEADER trial, which not only demonstrated cardiovascular non-inferiority, but also showed the statistical superiority, of once-daily treatment with liraglutide. The reduction and 3-point MACE with liraglutide was driven by a significant reduction in cardiovascular death. All-cause mortality was also significantly reduced with liraglutide ([@B78]). There was no reduction in hospitalization for heart failure in the LEADER trial. SUSTAIN-6 confirmed the non-inferiority of once weekly treatment with 0.5 or 1 mg of once weekly GLP-1RA semaglutide. The favorable effect on 3-point MACE was driven by a significant decrease in non-fatal stroke. There was no trend for cardiovascular death or all-cause mortality ([@B79]). The fourth trial, EXSCEL was conducted in patients with T2DM with or without previous cardiovascular disease. The trial confirmed the non-inferiority, but not superiority, of once weekly treatment with 2 mg of the long-acting extended release exenatide ([@B80]). The fifth trial, REWIND showed that a weekly injection of 1.5 mg of dulaglutide reduced the risk of cardiovascular outcomes compared with placebo, with benefit starting within the first year of treatment ([@B81]). The sixth trial, PIONEER 6 published in 2019 and was a pre-registration cardiovascular safety trial for oral semaglutide. Patients were randomly assigned to either 14 mg once daily oral semaglutide or placebo and were stratified to established cardiovascular disease or chronic kidney disease or the presence of cardiovascular risk factors only. The primary composite outcome occurred in 3.8% of patients receiving oral semaglutide compared to 4.8% receiving placebo, which was not significant (HR 0.79, 0.57--1.11) ([@B82]).

The differences in cardiovascular outcomes between the various GLP-1RA currently available for the treatment of patients with T2DM may be the result of differences in study design or patient populations. The results may reflect differences in pharmacokinetic and pharmacodynamic properties, trial design or drug differences. One potential explanation includes the amount of structural similarity to human GLP-1 ([@B76]).

Safety and Tolerability of GLP-1RAs and DPP-4 Inhibitors {#s7}
========================================================

The DPP-4 inhibitors have been well-tolerated in both short- and long-term studies. There are no effects on weight or an increased risk of hypoglycemia (in the absence of concomitant treatment with insulin or sulfonylureas) ([@B83]). The most common reported adverse events include headache, nasal pharyngitis, and upper respiratory tract infections ([Table 2](#T2){ref-type="table"}) ([@B24], [@B84], [@B85]). Some studies have reported a minimal increased risk of GI side effects with sitagliptin ([@B66], [@B86]--[@B89]). In the three head-to-head trials, there were no clinically significant differences in adverse events among DPP-4 inhibitors ([@B90]). In a population-based study using data from the United Kingdom Clinical Practice Research Datalink, use of DPP-4 inhibitors was associated with an increased risk of inflammatory bowel ([@B91]). In post-marketing reports, sitagliptin, saxagliptin, linagliptin, and alogliptin have been associated with hypersensitivity reactions, including anaphylaxis, angioedema, and more severe blistering skin conditions, including Stevens-Johnson syndrome ([@B85]). Contraindications for treatment with a DPP-4 inhibitor include serious hypersensitivity (e.g., anaphylaxis, angioedema) to a specific DPP-4 inhibitor or any component of the formulation. Some, but not all, DPP-4 inhibitors have been associated with severe joint pain ([@B92], [@B93]). Other reported musculoskeletal side effects include myalgias, muscle weakness, and muscle spasms. In most patients, symptoms resolved within a month after the discontinuation of the drug.

###### 

Comparison of molecule type and common adverse effects of GLP-1RA vs. sitagliptin.

  **DPP-4 Inhibitors**                       **Molecule type**                                                                                            **Common adverse effects (\>5%)**
  ------------------------------------------ ------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sitagliptin                                Synthetic                                                                                                    Nasopharyngitis, upper respiratory tract infection, peripheral edema, and headache
  **GLP-1 receptor agonists (Injectable)**                                                                                                                
  Exenatide                                  Synthetic, exendin-4 based, short-acting, human GLP-1 peptide                                                Nausea, vomiting, diarrhea, jittery feeling, dizziness, headache, dyspepsia, asthenia, gastroesophageal reflux disease, hyperhidrosis, constipation, abdominal distention, decreased appetite, and flatulence
  Exenatide once-weekly                      Synthetic, exendin-4 based, long-acting, human GLP-1 peptide                                                 Nausea, diarrhea, injection-site pruritus, vomiting, injection-site nodule, constipation, headache, viral gastroenteritis, gastroesophageal reflux disease, dyspepsia, injection-site erythema, fatigue, injection-site hematoma, and decreased appetite
  Lixisenatide                               Synthetic, exendin-4 based, short-acting, human GLP-1 peptide                                                Nausea, vomiting, headache, diarrhea, dizziness, and hypoglycemia
  Albiglutide                                Recombinant, long acting, human GLP-1 based peptide                                                          Diarrhea, nausea, injection site reaction, upper respiratory tract infection
  Dulaglutide                                Recombinant, long-acting, human GLP-1 based peptide                                                          Nausea, diarrhea, vomiting, abdominal pain/discomfort, decreased appetite, dyspepsia, and fatigue
  Semaglutide                                Recombinant, long-acting, human GLP-1 based peptide                                                          Nausea, vomiting, diarrhea, abdominal pain, and constipation
  **GLP-1 receptor agonists (Oral)**                                                                                                                      
  Oral Semaglutide                           Recombinant, long-acting, human GLP-1 based peptide that is coformulated with the absorption enhancer SNAC   Nausea, abdominal pain, diarrhea, vomiting, and constipation

The adverse events associated with GLP-1RA are predominantly GI, particularly nausea, vomiting, and diarrhea, and occur in 10--50% of patients in clinical trials ([Table 2](#T2){ref-type="table"}) ([@B32]). The risk of hypoglycemia is small. Hypoglycemic events may occur, however, when GLP-1RA are given in conjunction with diabetes medications known to cause hypoglycemia, such as basal insulin or sulfonylureas. In a meta-analysis of 17 randomized trials comparing GLP-1RA (exenatide, liraglutide, albiglutide, taspoglutide, lixisenatide) with placebo or an active comparator in patients with T2DM, patients treated with GLP-1RA experienced more nausea, diarrhea, and weight loss when compared to placebo or patients on active comparator ([@B32]). Nausea decreased with duration of therapy and was reduced with dose titration ([@B94]). GLP-1RA are associated with decreased gastric transit and should be used with caution in those with gastroparesis. In studies comparing insulin administration with once weekly GLP-1RA, including albiglutide and exenatide, local site reactions were more common with GLP-1RA (\~10%), compared with 1--5% with insulin ([@B95]). Antibodies to GLP-1RA may develop, but have been shown to decreases over time without a clinical effect on glycemic control. The use of GLP-1RA is contraindicated in patients with a personal or family history of medullary thyroid carcinoma or in patients with multiple endocrine neoplasm syndrome type II (MEN−2) ([@B90]).

Pancreatitis and Pancreatic Cancer
----------------------------------

Since the introduction of GLP-1RA and DPP-4 inhibitors there has been some concern regarding the potential increase in pancreatitis and possibly pancreatic cancer with the incretin class of medications. Extensive, independent studies by the Food and Drug Administration which examined the potential for increased risk of pancreatitis and pancreatic cancer, showed no evidence for "pancreatic toxicity" of these two classes of medications ([@B96]). In addition, the safety data from several large cardiovascular outcome studies have demonstrated no clear increased risk of pancreatitis or pancreatic cancer ([@B77]--[@B80]). Therefore, regulatory authorities have concluded that that concerns regarding pancreatic toxicity "are inconsistent with the available scientific data" ([@B96]).

Renal Insufficiency
-------------------

Renal insufficiency is a common microvascular complication in patients with T2DM. Although the incidence of acute renal failure with the use of GLP-1RA is low there have been several reported cases in the literature ([@B97]--[@B100]). Cases of acute renal failure following treatment with DPP-4 inhibitors are rare ([@B101]). Several DPP-4 inhibitors are renally excreted including alogliptin, sitagliptin, saxagliptin and vildagliptin ([@B90]). Therefore, in patients with moderate to severe renal impairment, dosing adjustment is required. Linagliptin has a hepatic route of excretion and can be used without dose adjustment in patients at all stages of renal disease ([@B90]). Exenatide (twice daily and once weekly) and lixisenatide are renally excreted and are not recommended in patients with severe renal impairment (GFR \<30 mL/min) ([@B90]). Liraglutide is not renally excreted and is approved, in the United States, for use with caution in patients at all stages of renal disease. Dulaglutide should be used with caution in patients with renal impairment.

Summary and Recommendations {#s8}
===========================

There are number of factors to consider when selecting from the many treatment options available for patients T2DM, including the multiple incretin-based therapies. Clinicians must take into account mechanisms of action, level of HbA1c reduction, impact on fasting plasma glucose and/or post-prandial glucose levels, safety and tolerability, effects on weight, route of administration, and finally, cost. GLP-1RA and DPP-4 inhibitors are useful in the management of patients with T2DM over the spectrum of HbA1c levels, including drug naïve patients as well as those treated with other glucose lowering therapies. In generally, GLP-1RA are preferred over DPP-4 inhibitors because of greater reductions in HbA1c and clinically significant weight loss observed in the clinical trials. DPP-4 inhibitors only modestly affect the levels of endogenous GLP-1, thus producing smaller glycemic reductions with minimal impact on weight reduction. Given their low risk of hypoglycemia, GLP-1RA and DPP-4 inhibitors may be preferable in patients with hypoglycemic unawareness or the elderly. In addition, several GLP-1RA have been shown to reduce a composite 3-point MACE outcome in large, randomized cardiovascular outcome trials. While the results of cardiovascular outcome trials in DPP-4 inhibitors have not shown increased risk of cardiovascular disease, they have failed to show cardiovascular benefit. Consequently, for patients with T2DM and CVD, GLP-1 RAs with a proven CV benefit are preferred in the guidelines. For obese individuals with T2DM a decrease in weight of 5--10% is clinically significant and is associated with improvements in cardiovascular risk factors ([@B102]). In many of the clinical trials comparing GLP-1RAs with sitagliptin, more than 50% of the participants treated with GLP-1RA achieved this weight loss benchmark ([@B102]). Although the perception of some clinicians is that patients may be less receptive of the GLP-1RA because they require subcutaneous injections, clinical trials have shown that patients do not associate injectable therapies with a "negative effect" as long as there is clinical efficacy ([@B103], [@B104]). In addition, the availability of oral semaglutide may be a potential option for patients who wish to avoid injectable therapy.
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